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Abstracts / Osteoarthritis and Cartilage 22 (2014) S7–S56S44Conclusions: Results do not support the hypothesis that higher knee
extensor strength is associated with lower risk of incident ROA or SxOA
among men or women at high risk of knee OA who already have
meniscal pathology. However, negative ﬁndings warrant careful inter-
pretation as meniscus pathology might be in the causal chain of events
from muscle weakness to OA.
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THE EFFECTS OF EXERCISE THERAPY ON KNEE JOINT BIOMECHANICS
DURING WALKING IN PATIENTS WITH KNEE OSTEOARTHRITIS:
SECONDARY OUTCOME ANALYSES FROM A RANDOMIZED
CONTROLLED TRIAL
M. Henriksen, L. Klokker, C. Bartholdy, T. Schjødt Jørgensen, E. Bandak,
H. Bliddal. The Parker Inst., Copenhagen, Denmark
Purpose: Exercise is recommended as a cornerstone in the non-phar-
macological management of knee OA in order to improvemobility, pain,
and function. Besides aiming at pain reduction, neuromuscular exercise
programs for knee OA have a speciﬁc aim of optimization of the knee
joint movements related to walking, while the effects on knee joint
biomechanics of these exercises remain to be clariﬁed. The objective of
this analysis was to assess the effects of a neuromuscular and individ-
ualized exercise program on knee joint biomechanics during walking in
patients with knee OA.Table 1
Control group (n¼22) Exercise group (n¼24) -
Baseline Baseline
Mean (SD) Mean (SD)
Age, yr 61.4 (7.2) 64.9 (9.1) - -
Female sex, no. (%) 16 (73%) 22 (92%) - -
Height, m 1.71 (0.09) 1.69 (0.08) - -
Weight, kg 83.2 (15.7) 83.1 (14.0) - -
Body Mass index, kg/m2 28.4 (4.6) 29.1 (4.1) -
Baseline Mean (SD) Mean Change(95% CI) Baseline Mean (SD) Mean Change(95% CI) Mean difference (95%CI) P
KOOS pain, 0-100 59.2 (12.8) 1.1 (4.9:2.6) 63.6 (17.6) 6.3 (2.7:9.9) 7.4 (12.7:2.2) 0.006
Table 2
Knee biomechanics during walking
Control group (n¼22) Exercise group (n¼24) Group difference
Baseline Change Baseline Change
Knee biomechanics variable Mean (SD) Mean (95% CI) Mean (SD) Mean (95% CI) Mean (95% CI) P
Knee angle at heel strike, deg 12.2 (5.7) 1.3 (1.3:3.9) 13.8 (5.9) 0.2 (2.8:2.3) 1.5 (2.1:5.2) 0.41
1st Knee ﬂexion angle (early stance), deg 23.1 (6.2) 1.7 (0.8:4.2) 25.8 (7.6) 1.2 (3.6:1.3) 2.9 (0.7:6.4) 0.11
Midstance knee extension angle, deg 6.2 (6.3) 1.1 (1.6:3.7) 10.1 (7.0) 1.3 (3.8:1.3) 2.3 (1.4:6.1) 0.22
Swing phase peak ﬂexion angle, deg 59.5 (8.9) 0.6 (3.8:2.7) 61.4 (9.4) 1.1 (4.2:2.1) 0.5 (4.0:5.1) 0.81
1st peak knee extensor moment(early stance), Nm/Kg 0.80 (0.25) 0.04 (0.10:0.18 0.65 (0.22) 0.01 (0.15:0.12) 0.05 (0.14:0.25) 0.59
2nd peak knee ﬂexor moment(late stance), Nm/Kg 0.14 (0.16) 0.05 (0.02:0.11) 0.03 (0.16) 0.5 (0.11:0.01) 0.10 (0.01:0.19) 0.04
1st peak knee adductor moment(early stance), Nm/Kg 0.67 (0.25) 0.05 (0.03:0.12) 0.65 (0.22) 0.06 (0.01:0.13) 0.01 (0.11:0.09) 0.84
2nd peak knee adductor moment(late stance), Nm/Kg 0.50 (0.23) 0.07 (0.01:0.014) 0.44 (0.18) 0.09 (0.02:0.16) 0.02 (0.12:0.08) 0.72
Knee abductor angular impulse, Nm*s/kg 24.7 (11.4) 2.91 (0.60:6.41) 23.2 (9.4) 3.09 (0.27:6.45) 0.18 (5.04:4.58) 0.94
1st peak knee resultant moment (early stance), Nm/Kg 1.04 (0.26) 0.05 (0.05:0.15) 1.11 (0.29) 0.04 (0.06:0.14) 0.01 (0.14:0.15) 0.91
2nd peak knee resultant moment (late stance), Nm/Kg 0.58 (0.17) 0.04 (0.02:0.10) 0.56 (0.12) 0.06 (0.01:0.11) 0.02 (0.10:0.06) 0.59
Walking speed, m/s 1.36 (0.14) 0.05 (0.14:0.04) 1.35 (0.27) 0.03 (0.12:0.06) 0.02 (0.15:0.11) 0.79Methods: This was a randomized trial with blinded outcome asses-
sors (NCT01545258). Participants were randomly assigned (1:1) to 12
weeks of facility-based functional and individualized neuromuscular
exercise therapy (ET), 3 sessions per week supervised by trained
physical therapists, or a no attention control group (CG). To assess
knee joint biomechanics during walking, 3-dimensional gait analyses
were used, from which self-selected walking speeds, sagittal knee
joint angles and internal knee joint moments were extracted. The
pain subscale of the KOOS was used to assess the effects on pain.
According to the protocol the analyses were based on the ‘Per-Pro-
tocol’ population, deﬁned as participants following the protocol with
complete and valid gait analyses. Analyses of covariance adjusting for
the level at baseline were used to determine differences betweengroups (95% conﬁdence intervals) in the changes from baseline at
follow-up.
Results: 60 participants were randomized to ET (n¼ 31) or CG (n¼29).
In the ET group, 1 participant had an invalid baseline gait analysis and
6 participants were lost to follow-up; in the CG 1 participant had
invalid gait analysis at baseline, 4 were lost, 1 violated the protocol
(exercise outside study), and 1 had invalid gait analysis at follow-up.
Thus per protocol population included 46 participants (24 ET/22 CG).
Summaries of baseline charateristics and KOOS pain (with changes)
are given in table 1. Baseline values and changes in knee joint bio-
mechanics during walking are presented in table 2. Besides a stat-
istically signiﬁcant group difference in the change from baseline in 2nd
peak knee ﬂexor moment (late stance), there were no group differ-
ences in the changes in knee joint biomechanics during walking
(table).
Conclusions: A 12-week supervised individualized neuromuscular
exercise program has no effect on knee joint biomechanics during
walking, except for a slight difference in the change in the knee ﬂexor
moment during late stance, indicating an increased moment in the ET.
These results indicate that beneﬁcial effects of neuromuscular exercise
therapy on pain are not mediated through altered knee joint bio-
mechanics during walking.68
THE RELATIONSHIP BETWEEN THE EXTERNAL KNEE ADDUCTION
MOMENT DURING GAIT AND PROGRESSION OF KNEE TISSUE
DAMAGE OVER TWO YEARS IN PERSONS WITH KNEE
OSTEOARTHRITIS
A.H. Chang y, K.C. Moisio y, A. Guermazi z, J.S. Chmiel y, O. Almagor y,
P. Prasad x, K.W. Hayes y, L. Belisle y, Y. Zhang y, J.E. Rayahin k,
L. Sharma y. yNorthwestern Univ., Chicago, IL, USA; zBoston Univ., Boston,
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Purpose: The external knee adduction moment (KAM) during gait has
been characterized as a “surrogate” for dynamic medial knee load and
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disease progression. Much effort continues to be directed to devel-
oping and testing interventions that lower KAM with the goal of
modifying disease course in knee OA. To date, there are only two
longitudinal studies evaluating the relationship between KAM and
disease progression. By incorporating both the load magnitude and
duration, KAM impulse may provide a cumulative measure of the
external adduction moment sustained during each step of walking.
Studies in recent years suggest that a reduction in KAM may be
accompanied by a deleterious increase in the external knee ﬂexion
moment (KFM). We hypothesized that in persons with knee OA,
greater baseline peak KAM and KAM impulse (normalized to body
weight and height) during the stance phase of gait are each associated
with baseline-to-2-year worsening of medial tibiofemoral cartilage
damage and bone marrow lesions, adjusting for gait speed, age,
gender, disease severity, and KFM.
Methods: Participants all had knee OA deﬁned by osteophyte presence
in at least one knee at baseline. Three-dimensional knee kinematics and
kinetics during ambulation on a 35 x 4 foot walkway were captured at a
rate of 120 Hz, using external passive reﬂective markers, an 8-camera
Digital Real-Time Eagle motion analysis system, and 6 AMTI force plates.
Inverse dynamics were used to compute peak KAM, KAM impulse, and
peak KFM during stance. Participants underwent 3.0TMRI of both knees
at baseline and two years later using double oblique coronal and axial
FLASH sequences, coronal T1-weighted spin-echo (SE), and sagittal,
coronal and axial fat-suppressed turbo spin echo sequences. Cartilage
damage and bone marrow lesion baseline-to-2-year progression wereTable 1
Mean (SD) of KAM and KAM impulse in knees with and without cartilage damage progression and bone marrow lesion progression (n ¼ 391 knees from 204 persons)
Cartilage damage progression at 2-year follow-up Bone marrow lesion progression at 2-year follow-up
Medial tibiofemoral
compartment 61/391
(15.6%)#
Medial femoral
surface 48/391
(12.3%)
Medial tibial
surface 29/391
(7.4%)
Medial tibiofemoral
compartment 87/391
(22.3%)
Medial femoral
surface 53/391
(13,6%)
Medial tibial
surface 48/391
(12.3%)
KAM (% body wt*ht) Knees without
progression
1.66 (0.87) 1.67 (0.86) 1.65 (0.86) 1.59 (0.86) 1.65 (0.87) 1.60 (0.85)
Knees with
progression
1.70 (0.77) 1.68 (0.81) 1.83 (0.76) 1.92 (0.77) 1.77 (0.73) 2.15 (0.71)
KAM impulse
(s*% body wt*ht)
Knees without
progression
0.60 (0.43) 0.60 (0.43) 0.59 (0.43) 0.55 (0.42) 0.59 (0.44) 0.56 (0.42)
Knees with
progression
0.64 (0.50) 0.64 (0.51) 0.73 (0.51) 0.79 (0.47) 0.70 (0.43) 0.92 (0.45)
Table 2
Adjusted odds ratio (95% CI) for medial tibiofemoral cartilage damage progression and bone marrow lesion progression outcomes (n ¼ 391 knees from 204 persons)
Baseline predictor
variable
Co-variables included
in the adjusted models
Cartilage damage progression at 2-year follow-up Bone marrow lesion progression at 2-year follow-up
Medial tibiofemoral
compartment 61/391
(15.6%)
Medial femoral
surface 48/391
(12.3%)
Medial tibial
surface 29/391
(7.4%)
Medial tibiofemoral
compartment 87/391
(22.3%)
Medial femoral
surface 53/391
(13.6%)
Medial tibial
surface 48/391
(12.3%)
KAM (% body wt*ht) Gait speed, age, and
gender
1.09 (0.80, 1.47) 1.05 (0.75, 1.48) 1.33 (0.96, 1.85) 1.55 (0.98, 2.43) 1.17 (0.89, 1.53) 1.93 (1.0061, 3.71)
Gait speed, age, gender,
and K/L grade
0.98 (0.71, 1.35) 0.96 (0.67, 1.38) 1.21 (0.85, 1.71) 1.32 (0.96, 1.80) 1.06 (0.82, 1.37) 1.55 (1.06, 2.25)
Gait, speed, age, gender,
K/L grade, and KFM
0.98 (0.71, 1,36) 0.96 (0.67, 1.37) 1.21 (0.85, 1.73) 1.28 (0.92, 1.79) 1.01 (0.78, 1.32) 1.58 (1.08, 2.31)
KAM impulse
(s*% body wt*ht)
Gait speed, age, and
gender
1.18 (0.57, 2.47) 1.11 (0.50, 2.46) 2.09 (0.71, 6.11) 3.41 (1.58, 7.37) 1.71 (0.94, 3.11) 6.76 (2.96, 15.42)
Gait speed, age, gender,
and K/L grade
0.98 (0.53, 1.82) 0.96 (0.49, 1.91) 1.52 (0.61, 3.78) 2.34 (1.18, 4.66) 1.34 (0.81, 2.19) 3.63 (1.61, 8.20)
Gait, speed, age, gender,
K/L grade, and KFM
0.99 (0.54, 1.82) 0.96 (0.49, 1.87) 1.52 (0.63, 3.69) 2.28 (1.15, 4.54) 1.28 (0.78, 2.12) 3.67 (1.60, 8.41)deﬁned as worsening of WORMS score in the medial tibiofemoral
compartment, the medial femoral weight-bearing surface, and the
medial tibial surface. To assess the relationship between baseline peak
KAM and KAM impulse and subsequent medial cartilage damage and
bone marrow lesion progression, we used logistic regression with
generalized estimating equations (GEE) to account for the correlation
between the 2 limbs of each individual, ﬁrst adjusting for gait speed,
age, and gender; then further adjusting for disease severity (using K/Lradiographic grade); and ﬁnally also adjusting for KFM. Results are
reported as odds ratios (ORs) and 95% conﬁdence intervals (CIs).
Results: The study sample consisted of 391 knees from 204 persons:
mean age 64.2 years (SD 9.9); BMI 28.4 kg/m2 (5.7); 156 (76.5%)
women. Mean peak KAM and KAM impulse were 1.67 (SD 0.85) % body
weight*height and 0.60 (0.44) seconds*% body weight*height, respec-
tively. Table 1 summarizes KAM and KAM impulse data in knees with
and without disease progression. Table 2 shows that greater baseline
KAM was associated with increased odds of 2-year bone marrow lesion
progression at the medial tibial surface, and that greater baseline KAM
impulse was associated with increased odds of 2-year bone marrow
lesion progression in the medial tibiofemoral compartment and at the
medial tibial surface. With further adjustment for disease severity,
these relationships were attenuated but remained statistically sig-
niﬁcant. The adjusted OR was minimally altered by further adjustment
for baseline KFM.
Conclusions: Higher baseline KAM and KAM impulse were not asso-
ciated with 2-year medial tibiofemoral cartilage damage progression
but were each associated with increased odds of medial bone marrow
lesion progression, particularly at the tibial surface. In the medial
tibiofemoral compartment as a whole, KAM impulse, but not KAM, was
associated with bone marrow lesion progression. KFM did not appear to
inﬂuence the relationship between KAM and tissue damage pro-
gression. While bone marrow lesion progression may be a harbinger of
future cartilage damage, there was no evidence of a relationship
between KAM or KAM impulse and cartilage damage by 2-year follow-
up.69
THREE-DIMENSIONAL LOWER LIMB BIOMECHANICS DURING GAIT
PREDICT PROGRESSION TO TOTAL KNEE ARTHROPLASTY
G. Hatﬁeld, J. Astephen Wilson, M. Dunbar, W. Stanish,
C. Hubley-Kozey. Dalhousie Univ., Halifax, NS, Canada
Purpose: Frontal plane lower limb gait biomechanics are predictive of
knee osteoarthritis (OA) structural progression, and frontal and
